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PROLOGUE 








HiM u)tfH his 

Dumb old Boat I 




-«- CHOSe A V€R.y sHCLTERej) 
SP ° T V" UfiJbEftSTAtJD 

THAT'S HAPPeWUOfii. k, e * v r/mg . 

^oes By, the U)A-TI*. sets 

All CHH&HtO up. y 


He's demolished /wy 

L/|ND;M^-5rAG,e AGAIN. 


It’s his BOW Wfi\l£ that 
DDiWG* flU- THE DAMAGE i ^ 



C Oh, that's -fE MM/I BLE"/ < HE r MAH must B6 
A WAVING) LUWA-ric 1 

SURFACE WAVES 


tf THII^K. T'lL 

chuck if l . 


Cr. iKgv, that mPKES 
waves roo. Let's * 

fci-OSBR look. 



/W0T5 'T** LOOK ftT?" 

i ‘ Xr A IN '< H l ty^ctL/ *TW£ 
V BL. 1 NK 4 N 1 MteiSTMA. . 





If I stick my finder in supoeMLV, i r mukes -the - water 
nearbv rise to form a soar of 'spa-re tire' "The extra 

THICKNESS LEADS TO OSCILLATIONS ; WHICH ELIMINATE IT, RoR/VUNC) 

concentric SUftFAC£ u/ftVES. These appear to travel at 
A CONSTANT speed, loHICM I'll CALL V 5 ; AND As THE/ 

Move ^ thcv slowly die aurv. y 



A Similar effect occurs iF, instead oF sticking yaun. 

\ 

finder itora the water, you pull it ou.T .As a- result, 
-THE LJQuiD T6MDS ToaJACD * FREE PLANAR SURFACE. 



Cor! BarFRocM 



' 4s THE WAVES PROPAGATE , THEV SPREAD THEIR EWERS/ OVER- AW fWCREAS/N^ AREA . 




AND SlNCC EWER6V IS CONSCKVgJ^ 
-The height - or AMPLITUDE" - of tHC 
WAVES a,uS F PiW^RESSJVEL/ decrease. 







flN OKTECT MOVES AgoCcT IN THE WATER, IT EMITS THIS TYRE OF wftV £ 

'fHERcey f?ouc,HFMiN$ -thf 5URF*cg of ihe mke*. 


'The loaves act on -rue fluid, 

'frfEY START TO SEPARATE -The fi\0i£CUi£S 

ups tream^ u-rTiNE, rue there 

Move -ffcWArtOS THE OBJECT, 


T WANT TO TAKE' A LOOK AT THAT , i'D SgTTeR FIND A u)A)l 
OF FOLLOWING “THE FLUID AS IT MOVES. 
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DomV you. -th ink that!s A rather comPucATpp sysTeM? Instead of 

moving THE OBJECT , I Su^gsT you- KEEP IT fiVED AND MO(/g THE FLUID, 


^OOD IDEA . How A- 80 U.T 

<his? It's a Reduced- scale M<u>eq 

OF A CANAL , WITH A PLUNDER. I 


ONE END TO MOVE “THE M7ER. 



tCF you. mo/E -the plunger at a ^ 

5PEED V, -THEN THE WATER. NEARBy ojILL 
ALSO MOVE AT SPEED V. . 


6 



HUSO HOr'S REUHOH 

la PwSH THE Fluid y f *t A SPEED V lowER 

THAN THE 5P£££> \4 op SURFACE WAVES, ,NT0 THIS 

BOTTLENECK . 



In this CONVe^eNTf Rg^lO^ 

H THE water level is viR-aiALiy GONSrrflW'T 

Crk ACCEL MATES... 


LiKe RAPIDS on a aivca 


Come _ we know aoaht *\u- 

“THfiT , con’ we ? C*") 


f Njow JI t-L PusH TH£ 
W/TfiK Af a speed V 
GREATER THAW -rue SP£e£ 

v s of Surface ivavgs. 


What a Bo»f£ ) 




£7 


C^. 





'trfe FLUID BEHAVES 
IW TWO TOTALLY DIFFERENT 
WAYS, DEPENDING oH WHETHER 

THE - NUMBER M - V/ V s 

(lUHlcH IS SIMILAR TO THE MACH 
NUMBER IN AEAOOyWAWICs') 15 
(jKEATER OR L£ 5 S THAN ±. 


PILES UP AT THE 

entrance 'The water level 
RISES And the fluid DECELERATES^ 
The exact opposite j 


What ip 1 PULL 
/nstcad op pu SH ** 


(*) See FU£Hf OF FAMCV, SAME SERIES 
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If you. Pull CjEu tl> pwo -the spezc> V qf the fluid piuufis 5 tfv 5 LESS 
ivtnfj -the speed V 5 of SURFACE WAV£ 5 , then -the uMeR. DECELERATES 
-THIS DIVERQEMT Rf6|IO/vJ, AND THF Hei^Hf OF fHg WATS? R9MWJ5 v/lRTuAUj' 




v<v 





^ /yS Om -Trie OT HEfL HflVD, IF X 

SyS pull 'The PtuM^eie v^orousl-/ , X 

DON'T !***.£ TUB w/ATB/t- PILE UP . 

The surface of twc fluid eeco/ues 
CoW£R, and - *, ms VI VE^eAjT 
(?e<$ION - -the Ftu»D ACCELERATES 


MACH WVMdgft 


M<± 



TH£SF TWO RADICALLY V. 

DlFfe-FENT fclMDS of BEHAVIOR Aftg SUW^Eft UP /N THE THEOREM OF TW£ F#cmq, phvsic&T HUfiONIOTj 


Speed V LESS than Speed V (GREATER. timW 

-THE' SPEED V5 OF -j- rt g SPEED V 5 ^ 



SURFACE WAVES 
(/VIach nuwiwr M< T) 


-r^g speed V 5 ^ 
SURFACE WAVES 
( Mach pAw*e*R M > T ) 


iw /i CONVERGENT 
REG'ON ■THE FUiiD; 


-the i-eves.: 


Xv * DIVeRCj^MT 

te<*tON ^ c ,...rs. 


THe: Fluid: 


■THE Lfive<_; 



ACCELERATES DECELERATES 
STflVS CONSTANT 6ISFS 


decelerates accelerates 
SLAVS CONSTANT DROPS 


TTeMME SEE . It H TeR G,OES LESS Ooic«L/ ( 

-fHE LESS THE speed £jETS Bl CfiEtf..., AT LEAST, A,0 * e 0 *" 
LESS ... OR. /S /< TWff UV/fiR WHV 


3 











f -That <jat erts Too HErtvy f 0 & MB Ta Keep shoving, IT A*aoNf> 

U)1TH A PUHOQCR. 'fnrRe's QoT TO be a better wav,.. ^ 


A STROKE of <5ENHJS j 8 v ALTERING, T HE 
/lwe,Le of the channel J can control tH£ 

SPEED V AT WHICH THE WATER EloWS. 


'ArJ&) ON, mate i 

YfiftV CH4W66B 

.. EveftHFiwK- 


the* results exactly 


the same. 


/ / / /_ 

‘ l 0/ o 


:(£T 





Back To the 

plow /w /i divergent \ 

R&GiloW. Below The CRITICAL 1 

SPfED V s , the fuud D£CEL£RAT£5 

«WD THE WATER LEVEC. ,s /s/EARLV 

COMSTANT. i 


jJf THE FLUID ARGUES NK.f : ' 

WITH A SPEtD V <^REATE£ NX 
T><Afj the CRITICAL 5PG0[) V S/ 

THEN THE SURFACE BECOMES LOWER 
#ND THE WATER ^CjCECI-RATFS, 


r-?N>. 


.A X 



Speed \/ 

LESS thaw the 

SPEED V s OF 

$UfFAC£ tfMV&S 
Mach number 


Mcl 






v>v 5 


/ 'S .CT- : - . 

r ■'’/■'j 


\mach NVMbefr 








WAVE FRONTS 




Mow l£TS takE Aworne<4 look at -the flow' 

in a coMvejsqewr re^om 



SPEED V OF 1 WE FllliD ,5 LESS 
TWA/v/ THE SPEED V5 C°F SURFACE WAV/ es) ( THEM 
THE SPEED JK/CPfASPS And THE LEVEL STAYS 

COMSTAN'f _ 


V>Vs 



- 5 ^s 


\\\Y \ , 
\ v A, 1 . ' / 

v\\ V ' , \ , 


V>Vs 

M >1 




v - 4 \m 

vt\ 


/ V LESS THAN/ \ 4 . 
M LESS THAN i 


/ t? 


//' / 





'Bu* If THE SPEED V 

is Greater, -thah V s< -rHe 
WATER level RISE'S AMD 'THE 
Fluid SLOWS PoW/vJ ■ 


CAort, Arch i e- 


'F'u-T it A BIT 

Fuftveie ' 



we 



^ A 


' ^ ■ ’ 'z PARAMETERS DeslF\B/aJc, TH£ 

FLUID CHAMPS DRAMATICALLY 1 WHERE IT 

LEVEL RIAcT^ 0R " WWE F,?0NT ^ 5L0lVS W ™E 


m 


M\A 




FLOW ROUND A 
CONTOUR 



OK J NClV THAT l ME'Ve So^TFD ALX- THAT OUT/ JQ 
HjAMT TO 5TuDy THE" FLOW of A FUJI P aKouMD A 
CONTOUR. Ct uL STAA.T /M A cpCtIME U/Hirf?E 


TVe sptep V of the joxiio is L£SS TH 


AN/ 


ffke up a boat shape" with 

THEBE' successive corners. 


yK Fluid Acce legates at the bow, 'v 

( which Foam a convergent Re < q \ oN , J 



Ha^a^ai... yu.s , that!s wot ir 
Boils dahaj ter. T ne speed's 
fastest ,4tfAHWD THE SECOND C0^rVe/? / 
the" BEAM, So Tne fluid SLOWS 

PAHNJ until it reach es -thf STtftfs/ , 
ST4vi N 1 AT A CONSTAfVT BBHHKiw' 
LEVEL ur^TIL- it qets back t£* th£ 

SAME SPEED WOT |T 'ad AT THE" gQlV 



H ^ RfACE WAVES ( traveling, at a speed V s , can wcve' 

UPSTREAM and TRANSMIT eweR^V TO THe FLUID. Sc THe FlU|J> 
•'knows" that akj object is coMirJG and has t,^e ro ^ 

™ rTSELF READV Tt> NgET If. BEC( , wS To W0(/£ 

APART BEFORE” -THe OBJECT ARRwES. 



„, 5K h ZJ: T 60V/ ‘ ™ 15 *•«*«■-* SU.WW »- * WD 

J lC,H “ THE OR "*'* L WATERUNfT. o~ p« 5m , -rwr second c.*« 

W/AtgR ,S SPEEDED UP A*,* , EVEN SUPER A<£ELE RATe£> , THAT ,5 iNCR^' 

ro A speed GREAT** than that of "free" fuw. Af the same rm e rHB 
L£V£L DROPS 8EWUJ THF WAT«UNB Uvel with THE STERN, THE SPEED AWD 
L^VEL ARE 5UDDENLV HCADTUSTED to THe,* oRm^AL VALUES UPSTREAM. 


1 Z, 




THE BOW WAVE 


Iw THIS Mswe,u». e tt -me spree V B s,fieATe« -mew me sf*et> \T~" N 
ce S * HC£ «**es, e, WB WW6FR0NT5 . Thb ^ for fx™pu, e^rS 

k/AvE: 5 "That -Y-o rt . /cr . . 

AT TRrtuEi. TOO SlOtoLV rc> UPSTREAM AtJD 

'Therefore Pile up against each other -tv> * 

c LM other to fO«M a Mou/VD oF u<QuiD. 

THe BOW WAVE. 




V>Vj 



yeR SETS a B&WHVAVE 
/ir ^ middle 0)«N6^? 




No^ you don't <$er ^expansion fronts.' 

L©oK 5 /IS IP THEY ONLY HAPPEN GefTTLY- 


Ihe ONE TimE X 
/Manages -reft fi/\jk up 
SoAIef/nk original, aw' it 
A FLOP f 


iResias is riqht, Lewwy. -The c^an^es in 
SPEED *„ d ug^ ^pp^ Sut>0eNL y at the 

80W AMD s-re*^ By means of WAVeFftoNfS. 

In contrast, at the beam, -the speed Awp level. 
Ol4MG,e CoNTlWROuSLy, ACROSS AN/ fcKpANSlOM 


OBSERVATION, L£NN/. OftSefcVA TiOfSj * 








r a R£AL BOA T HULL , -f He B£AM J5 POtfMeP By A SUCCESSION Op VERY 

v AlANy ^NY CORNERS. 


IAP511?EAM 



Oow/v5TieeM\ 


4rk/D THE STfftN/ WAV£ ASSURES A SMOOTH To in ‘MfH the TUUD 
downstream- which rs wny boats don't leave furrows behind THe/A 


Jn THE SAME wAy / -THe R6ATAJNilNCr~^ N ^__ 

DIFFERENCE iM SPEED, DICE TO wATetf BEIAl^l 
C^ft'ED ACOM&) U/iTH THE BOAT By FtflCTlOAJ, 
IS CANCELLED cu-T ®y THE TURBULENCE OF THE 
"Boat's y/AKF. 




Hey! iVe discovered the' 

f FUNJDAMeWTAL PRINCIPLE of 
l FLUID ME PANICS. 1 ! 


Vet a<vain, ''fifttsias Old Bean, 

Y£R ASTOUNDS MC- WHAT? 






PLEASE LEAVE THE FLUID 
IM "Me STATE IN WHICH 

you would wish to find r T 




MEASUREMENT OF SPEED 


io un/De£stanj> kmat's < 5oir\Ks; 
on ^ what 3T bj$£ o fs some WAV ro 
M£A5u^e SPEED. 


you place: a p/aje weedle iv fl flow 

WHOSE ■SPE&XJ V" / 5 <3>tfEATe* TH*iV TH e 

SPEED V s OP SURFACE WAVE S, rhieA/ THE' 

<5 AEAT£R the speed, the closed the 


VAi/EFi^fTTS 4f?r To THE DiflECTfOW of MoTfof/. 


,7 //^ 

h ^ y 




[ aW, A'Ux , you^g- 

#e»<Si ht f 'That lets 

AiCASH^E The SP6£P VC*) 


V>v 





>5 



Have you noticed that when -the fi^dwt of rue 
oB:te<-T is blumt, 'Then iw ivAver^NT »s ser up 
a Li-rue Brr ahead - fogminIg, a Detached 

Wavs. 


W^ccocpy* 

Tf doesn't worx] 




m? 






/ / S / / S 

S/Z/,/' 


(^•) See Atpewdix A (.page ^ 0 - 


tf///// 



''That's only to be expecte D. On this 

REGION, NEAR A BUJNT BoW ; THE SPEED V 

fall* below the critical speed V s 


Xt's ALMOST AS IF THE OBT 6CT USES 
Th£ BOW WAVE TO BulLD ITS EOF A 
REGION WHERE V IS LESS THAN V 
To mPiKe it Easier to navigate. 










But THEN, 'ow CAM THE WATER GEDDAWT 0 THE WiM, 

when its speed’s so bunkin’ U)^P 


{'UEMENTAfty, MV DEAR- PELICAN; WHERE THE" FLUID 
slows down, the level rises, and vice versa. 







Gome along, ye Seekers 

after Knowledge ( D |wwe ^ time 


Xt S ALL ££$ (NW/n)^ TO 
MAK£ SOME Kind OF SENSE 


You kNoiNj it ujouldn T be a BAD 
thing, if you could qer Ri p op those uiavbs. 


'They uiaste energy j 

that's FoR. sure ( 





Oh ’eck ! 
SUM fink $ 
brbmn 1 





Yes, there's ENERGY THERE" ALL RIC,Hf. The PROOF IS THAT THE <SUY itJ THE 

SPEEDBOAT DEMOLISHED OUR. LAnDIN^ - STA£*E 

_ 

s~z ~ r ~~ 

-LF you COULD C,BT ADVANCE X c 

\ bo... TO Move FASTER. THAN 

**«»"* of toe fum> ahead, me I SURFACE IVAFES, ,ou hafe to be 

^v/ave wouldn't form.... / able to continue to act on 

\\ 7*’ X the fluid upstream. 


hey/ 







' Here.'s how it 'is. YOU propel ' n 

THE CANOE AT A SPEED V, <a?6A*flE£ 

tham the SP eed v s OF SURFACE 
WAVES. ME... iT'u. stamd at the. 

Bow AMD TRy TO U5B My PADDLE TO 

spread apart THE water molecules upstream, 

AS (F 1*M TRyiMS TD WARM THEM , 

theR&'s A camoF coming. /= 




Now wb ll see ; 


W^LL 5 ££/ 


(^yCSS THAT 5 

(Jcrr i-r. 


IaJhat were 

you doins 7 


NoTHtus. Archie *VAS XuST 
rJG, -fag MOLECULES. 


£r cam't possibl/ a)0£K, you know : If you wwt to Va^n the 

Molecules y as you saiP/ then youW Qor to Par Some other MATERIAL 
OBJECTS /N to THE WATER UPSTREAM... AND THOSE DILL JUST CREATE THROWN 
WAVES, Trs A VICIOUS CIRCLE. 


Sophie savs that all 
yer? t>o im' <s postpone' 'r^g' 

PROBLEM. 



She 5Ay5 its impossible to sail a Boat 

WITHOUT MAKtWfi A BOW WAVE. 





M WMCN tmt DISCOVERS 
IMCNETOHVMKWmtliCS 



Vou can Act AT A DISTANCE" on a fluid 
Before vou reach it. ir svys so in this book 


BuT WOT Wl\/ ; Ola Fru.it 7 
BUmk.n' M*6'C Force s? 



No } WITH 

E LECTIO AlA^NEf^C FORcfs 





^F?F, in a pluiD, you create A MAGNETIC Fl£LS> E> and an 
ELECTRIC CURRENT 1, WHICH IS PERPENDICULAR, THEN the Fu aid 
Experiences a LAPLACE FORCE" 0 f intensit/ £B, whose direction is sh/en 
8y THE 

Right-hand rule: 

Hold the -Thumb } index finder, and /»1idolE 

F/N^ER OF THE RI§HT HAND AS SHOWN. SUPPOSE 
THAT THE CURRENT PLOWS /N THE DIRECTION OF THET 

Middle" fiN6ec and the' /MAGNETIC FfFLi} in 
The direction of the index f/n^cR. Them the 
FORCE ACTS IN THE DIRECTION OF THE THUMB. 




'Thumb- mpi th^^^T 
Force be with you. ! ./ 


£0 




Flippin ‘eck - wor's 
THIS firiQAMmG ? 



'xlJ-F I 
. Kl^r l 


7 I ve made a 
‘ M/&NETO HYDROWAMIC 

CONVERTER uKe -The one: 
invented irY l%bo By the 
\ English Physicist FARADAY, 




Because it converts elects p 

Ato-noisJ - or Kinetic energy. 


^ Converter? 

u)h i ? 

ENER 6 Y »MTO 




/MAGNETIC pIFLD VECTOR 0 AND -thF 
CU&KEaJT V/EcTD^ I > -To§£THE*~ \jufTH 'THE AV^LS 
Of "THE CANAL; F AN ORTMO^OAJAL 
^ COORDINATE pRANiE. ^ 


COIL PRODUCES A MAGNETIC FIELD, AND Tve ADDED SAuT To THE U/ATER TO /^CREASE 

its electrical coMDucTiv/iry. £ can use this Rheostat to alter rne amount of 

CURRENT FLOIA//N6 , THROUGH TH£ ia/ATER. 





6 / 1 /ARV/N^ THE CURRENT 

X *nd The AAAG,Neric 

Field B you. CAN MAKE 
THE fluid ACCELERATE 
OR DECELERATE AT WILL. 



Cl 



INTERACTION CRITERION 


$E£M5> Tgfi M£, '’’HIS SHAG,QV ST 0RV5 \ 

S£C6A/Iin' a BIT OF A WILD (jOOS£ J 

/ - - CHASE. X 

/^Wweiv j oj£ STAirreD, 
f IT WAS ORL ABAHT 
I FLUIPS AN' 



Well, well... AND what A«e 
UJ £ PLAyi^Gj AT ■today ? 


Mfc., ITJs OKL <3 £Tt in’ 
AH|X£D Up. 



Don 1 ask ME . ^ dmnno NuFFlN • 



Ruddy 'ecu 





l/A TfC7ih/Gi TO CHAKJ^fc 
TH£ USUAL DATA OF RuilD 

Dynamics ©y INTRODUCING extra 
PA rame««S: FORCES ™ t Acr 
0N -me FLUID MASS A*t> w> 
<o AT A DISTANCE. 


Xf X HAD AnV 
SENSE 3'd STAV AT 

■ home. _ 



CoME To -Think oFit^ 
X Don't have much 

CHOICE. ^ 


'Ow oVeft KNOW WEWtft VgR FORCES i-L 
B£ STRONG^ enuff ? 


XT WOULD APPEAR 
TO 8E A QUESTION OF 

ENERGY, ©U> chap. 1 



WodteR aaban, pish -face •' 


/’0 


fluid possesses A CERTAIN 
amount op Kinetic energy. To modify ^ 

THE SPEED OF THE FUuP USING, LAPLACZ 
fbRCES , you, HAVE to IMPART gNEAfiV oF ' r HE 
SAME ORDER OP MAGNITUDE. AnVWAV, you'p g 
THE ONE WITH THE FlSH FACE.... .X 


2 . 2 . 





. BUT" let's not <00 pay about that 
NOW. LOGICALLY, IF THE eKIZRG,i transmitted 

By rue LAPLACE FORCES is GREATER. 

THAM -THE KINETIC ETNEAqy of 'THE FLUID, u)£ SHOULD 

be able to Control, the flow completely. 


AjtiAA r!?f 

a^a* , y e£ <5 oRa) 
&o*K££S !!( 





LOelLj T- must say, we rgau^ar^ 
All. Fun and <v*a«£S Tot>*y , 

V ..IT ^ 



SflY NO MoAt, Sunshine, sAy wo mo/?P. 
yER. Widows wor bunkin' 'Isg/ns is like. 
Give 'im aw inch an' 'c'll 'aa« Welf/ 


1 e owly Sophie were ‘eke! But she's 
Sun min' ’eRselF on the BGach. 



BtEEDIts/ NONSENSE ANYWAY, 'IS RuDPy 
M0SQ1MTO - 'YDftO- DVNAMO- wotsit.... 


Bah, yod’fle afraid of vour. oujn 
shadow . 1 It's all lou>-voltaq£ stuff 

Anyway. -The sky won't fall /*j cuith 
40 VOLTS AND 10,000 GAUSS, DAMMlT f 



Come on NOu) . . MACjNETOHYDRODyNAMIt^ 
ABBREVIATED MHD.. . You’ll EVEN Find IT 

in the Dictionary J 


1 


fiBtf 

S^^S^Bb 




By USHYG. THE SYSTEM AS A DEC ELERATOR And US/N<* Tu$T 
THg RIG,MT AMOUNT OF £NERQY y IV e MANAGED TO CREATE A 

STATioa JARY LUAVF FRONT with no obstacle 1 other than -tub 
LAPLACE FORCE S iB. 





: F • 


y>y s 



AW word. 


He HAS Too 


/ 


Zutf. great. Wo* wor? 



fcUT -that's 
CLASSICAL. It’S BEEN 
RMOlON FO& yEAfs! 


ITS ABSourTBuy STANftAtfD, 
TQTALlH classical. PHV.SICS. 


Xu, mA«£ another channel, using, these rwo bit 5 


OF WOOD TO FORM A CONSTRICTION. 


Hmaam. Wo electrodes, no amc-iNetic field 



Provided the constriction 
isn't ToQ PRONOUNCE J>, you GET 
WAVEFRONTS across it. 


But if the: constriction is severe faJou^m, -these fronts migrate 
UPSTgEAM, FORMIW6 a FRONlAu WAVE THAT STABluiES AT THE ENTICE 
OF thet constriction), £ven -Though the fluid can stile flow, u>e call 
"This Phenomenon a Bl0C£A§E\. 


'<SP 




^L_3" 


5.4- 


Q 



Burf Now^ observe Hou) the Cunnin g, F*Pe< i/ME/ureR. has used A /hacnetic A 
field to realize -ntfc SAME BLOOCAQE as the ok* produced by a COKJSYRicTlOfs). ) 





WoddeR. Vow. fink ab^ht it?^^ 




Y/M observin' , t'm OBSERVIN.' 

Wots so amazin' abahT THATf 7 

TV Archibald adds Laplace Forces to 
His constriction, he ll ^er a MORE 
SEVERE BLOCKAGE. 


Oh, ip you. youNRSTecs 

WISH TO AMUSE yoURS ELVES 

BY USthiG, LaPlAcR Forces ito 
/wake lo a verRowrs y <o«y should X. 
object? Have hour fun, *i»nis. 


Agreed . But. . . suppose X 

INVERT THE LAPLACE FORCE.. 






UNBLOCKAGE 


X CL START IV/TH A LESS PRdNOUfslG&D 

Constriction. To /NVCRT THE force, X can 
£/THER INVERT THE MAGNETIC FIELD B* oR- 
INVERT -THE CURRENT T . Hey PRESTO 1 . Xf THE 
PRODUCT IB IS LARjfE ENOUGH C #■) THEM THIS 

Accede RAT IN/6, Laplace Force MAKES THE 
VMAVEFRDNTS DISAPPEAR upstpfami 




v>Vs 


V>Vs 


(^) See Appewoi* B^pase 71 ^) 
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Now/ Ler's see u/hat happens 

IVITH A AOPRl TRONOUN/CEp 


CONSTRICTION.. 


Hey! 

'That iaJoh,ks roo> 






Te££iF/c ! 

X/M <so/n <5 to 
find Sophie. 


The f«omta l w'ave 

IS ANNIHILATED. 


blockage 


WaveFRowt 


V>Vs 




MM BLOCKAGE 

Due TO ACCEUK-KTikJ$ 

L/\PLACE FOHC€*>. 



depression/ 


=v>v« 


^ By increasing the Laplace Force s, /Uchie can even 
produce an effect of Suction, enough to loweP THe LEVEL- 
UPSTREAM AmD CREATE A DEPRESSION. 














No, IT ce^tainlv ISN'T ^ wu »m! 

LOwaT Jj> liice -fi> ^pw is ; lOHAT 

Does HE Th/N|C He'S pL AV/N6 AT? 




Bu.T you WERE SUPPOSED TO BE ENGAGED 
N Scientific Popularization ? 


understand .... 


N 

~ It's called SCIENTIFIC RESEARCH. 


LJhen you. popularize th/ng,S 

That aren't already known, 

Do you REALIZE WHAT THAT'S 
CA LLE D ? 



— ■ » WVATV C 

DO-iT-VOORSCIF 

MHO ACCELERATOR 



Let 5 S EE .. . AHEAD OF A 

MORE • 5 TUB 6 V OBJECT, THE’ FKONTA l' 

WAVE IS OETACHEP. 


All I NEED TO DO |S 

F/y TWO COPPER ELECTRODES 
ON A pencil.. £*) 



UsiNQ A BAS/A/ oF SALTy WATER. 
* WD 4 MAGNET, you CAN AIAKC THE 
PUMPING effect of Laplace Forces 
0 ECO/M£ visible. 


(*) Apy arrangement devised ,n lQ7b Bv Maurice VITON. 



ink 



/ THE MAGNET, UNDERNEATH THE BAS <N ; ^ 
/ PRODUCES A VERTICAL MAGNETIC PELP B 

/ The PUMPING* Effect caw be seek) 

\ By USlN§ A DROP OF IN*. 




FLOW 


k)|TH a small PERMANENT M AC.NET _ _ ^ _ 

FORCG Field flow 

AND A BATTERy t yOU CAM OBSERVE TH£ 

Pu/WP/MGi EFFECT. SuT TO Act on the Fluid 
6TR0NC)LV E N0U6H To CHANGE THE STRUCTURE Of THE WAVEFRONTS THE’ LA PLACET F ORCES 
AIUST s£ TEN T/AAES larger. 



X ll Place' this model in the test 
channel and /NCREASE the FORCE. To 
B 6 §iN WITH THE WAVE IS NONTuRSULENT 

<Awd the frontal wave 8eNDS. 


I LL increase the force further. The 

FRONTAL wave DISAPPEAR^ ReFtACtD BV A 
DEPRESSION iN THE UQUlD SURFACE. 


<4REAT ! Nolo for The applications J 


JR> 


[\Jftn for *e y 

Archie ( 



Ia/odtek F/Nr Sophie 7 






'The Laplace Forces ACT AT A DISTANCE. 1 think 
Archie has discovered how to "warn* the fluid upstafam. 


I 






f Hes cp'X "The Sir BzrufcEM his reern kJow! 
V Archie's already MOOIf-yiNb -THE CANOE 



1 



1 - 




/HUMP*. 

B»(^ Chief 
fu> ati NCy ' Bull 




■// ^ v 


I II Put 


"THE SOLENOID /MSIDE. 




( — ’S~'S"'S~ 





But- the: 
MA^weric field ? 


Flectrodes 


v'. '••■; /'/^ 


) 1 / , J 

I I <' / j ?■■ 1 

/ Vi [i 
llv 



Because of rne 

IvAY -THE (-|A/eS OF 
FORCE £,0, I OSN/ 
6451 LV PRODUCF A 
VERTICAL A/|A$METIC 

field B. 
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MHD EFFiCiENCV 

' • V \ \ -x 





o /o 




! How about -ms for aw idea? Tasre's a v 

R&R/vunent aaAg, N £t under -the hull , and the electropes are connected 



- TO A BATTERY- 



HpcK 


' 1 |T voesai t c -,6 ve/iy fast * 
O/Vt-y owe c^Ra* OF Push. . . 



IaJhzeeeeeeee 1 . 


St TAK.es AS r<\vc*\ TouJEfL AS A 
STEAM- iRprJ. (■#) 





va^ooOOM 




r ? ' Contrariwise, ^ 

SUPPOSE i APPLY -THE 

SAME ftoWEK "TO A conventual 
ELECTRIC motor. 


iT G.OES like -the 


WIND 


AWay, /fl^ypAy ( 


^hat happened? 



Your magnetic ei£L£> is too 

WEAK— The mEThop OE PRoPULStoN 
IS HI^HLV ikIEEFi Cl ENT 

\ y 


(^r) 5 ee Appendix C (pa^e 7 l) 






If UJOU.LP 86 INEFFICIENT. OnILV f\ 

Tiwy amount of -the piswer iooulP be 
USED FOR. PRoPULSIOrt . Most OF IT 
LOOULP BF DISSIPATED IN "THE FORM Of 
H6AT, 'tHRou.GH FR IctlOhJ. 



And -that's exncTLy what happens uiiftt 
you ft /VI HD PROPULSION. Suppose tw£ 
current i represents the number of 

B THE /ANQLE 


TURNS AND -THE 
OF THE BLADES . 


F/ELD 


Vouft Angle is too small | All 

yoi/fte DOING, IS heat iNQ TH£ H/MCft. 



Wi-Th PERMANENT" /viagNETS, -The Best you can 
hope fop is an efficienct of a few millionths. (*) 
.In seawater , before an Mhd motor begins to be 
interesting , you need a magnetic field 350 Times 
greater; About 50 to 55 teslas. 




(^SuT U)g KNOix) HOW TO MAKE STRONG /VIAGN6flC FI ElDS x DoN't^WE?^ 


SuPPose you could g>et youft 25 teslas. 'Then the boat would have to be much 
B/ e,Qeft and so would the distance between -the electrodes. If rr uieae ten 
METERS, -THE generator WOULD HAVE TO PUT OUT ±0,000 VOLT S. 



Vouft HYDRODiNE 

OUe * HT -TO BE RENAMED THE I 

^VM/voti [>'(**) J_ ^> r 


5o NONE o' that 'olds ANV WATeP, RlqHT, 7 



(^e)See Appe/v/oix C Cpp^e 7|) 

(j^ *) A Gi/A NOT IP 15 A able To produce an Electrical discharge of 300 volts 




THE PARiETAL 
ACCELERATOR 



i'u. stick, a whole pile op HA^wers 
HEAD- to- -MIL. No#?frt fixe AG*A|NST No«TH ' PouBj 
South Polb against South. 



ip you Point -two hosepipes at 

£ACH OTHER Af^D KEEP UP THE" PRESSURE, 
\A # TtR SHOOTS OUT V (O LE NTT LV FRcM 
-THE SHEA* ZONE. 


35 





Here’s hou) the lines of foa.ce look. 


\ -WE .MAGNETS HPvr \ 

th.ckn&ss d ; then every d- \ 
CENTIMETERS TH« F ieU> INVERIS, 1 
UtfE -THIS. 


AnD f\r fir 
/ DISTANCE d. 
FAO/V1 THE lUAU- 

the field is 
virtually 
V NONE Xl stent. 


Watch, NOW. Xv£ ADDED SOME £L£CTRoD6S / LIKE THIS, WITH ALTERNATING POLARITY. 

Neio, IF £■ A?pcy the RkqHT- HAND RULE, £ see That XVe created a FIELD OF 
Forces, all parallel and in the same direction, near to the wall, out to 

A DISTANCE A. 







Fantastic 1 . Geo/PietRY as the accomplice of physics 


-£o create a magnetic field, you need energy. 
"By acting ONty in a very -thin region around -the 
UJALL, you RE DUCT CONSIDERABLY THE volume To be 
/AAGNETIZED, hence -THE ENERGY REQUIRED, WHICH IS 
Proportional. 
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1 CAN also replace: 'The MAGNETS gi COILS, 



HeRe'i a Sim pur 
5>5T£M , c(6iNC» TWO 
£u£crRooes 





A NEW Kiltt 
OF FLUID MECHANICS 


U)MeiOeve R you make a fluid do somethin* that Moves it, rr Re acts, f or example, 

IF you. TRY TO 01AKC IT Tuji ST Too ABRUPTLY , ,r "CO/AES LlfVSTUCK-." 




<Amo IF you. Move AM object through the fluid Too quickly, 
so THAT IT Doesn't have time -to "*ET itself ready " to m are turty 
FOR IT, THEN/ WAVC FROfvTTS APPEAR. 



Am t-at's how rr is ,r you let the fl WD m as it p 

But Mho OMm* K WIDIMU.Y AU. THE PARAMFTFFS OF THg 

PROBLEM. f 
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/ 'teu SEE , ITS LOOKING, \ 

entirely feasible to tame a flow. 
WHEREVER, t H e flu ip starts to sudiv 
DOW", you SPEED IT Up AGAIN, AND UJHEN 
IT Rushes AHEAD, >©U RE/W it SACK" IN. 


No-TMin £ i ABOUT it 
IN HERE .... 




<qASP { 




COMPRESSION WAVES 
EXPANSION WAVES 

Ow yes, unny - yow’LL see. You A<z&ee that uihen V > V s , changes 
|N DIRECTION OF A WALL CREATE" EITHER. A COMPRFSSfON OR AN 
EXPANSION. hW, toot, M/\(3NE7&HVDR0DyNAMC sysTEM creates 

ABSOLUTELY identical effects! 


1 tUa ^ 
Uechw"® 


Thc MMb accelerator, oe a divergent rc^icW, lea d TD 

A LOtHERlN^ OF -THE LEVEL OF THF WATER /N THE CANAL. 



V>Vs 


V>v. 




LAPLACE FORCES 


Diver ge wt 

£e5 ION 
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So IT OUQHt -TO BE POSSIBLE To ARRAN 66 FOR THE /MUTUAL 
/ANNIHILATION Of THE PHENOMENA OF COMPRESSION AND EXPANSION 

ey cancelling those - of "natural'' origin — due -n? the u/aus- 
AGainst Laplace forces of "AR-nFic/AL* origin. 



( ''To REGULARIZE the flow around the hull, you must smooth out 
AS FAR AS POSSIBLE, ANY V/ARIAT10NS IN THE WATER LFVgL . WHERE 
A WAVEFRONT TgNDS TO FOR/A , T ACCELERATE. /AND TO Avto/fc a A/ 
OVEREX PANS ION ; an OV£RACCglERATTO/V, ,aj some rec, ions , 

"31 SLOW IT DOWN. 


Xt's fin application of my FUNDAMENTAL PRINCIPLE, Pure 
Amd Simple: PLeASE L£AVg THE FLUID IN THg STATE 

in which you would wish to find it. 



In/ my experiment on pa^e 28 

£ SUCCEEDED /N ANNIHILAT/NGi the 

gow WAVE . BuX THE STERN wAI/E 

REMAINED- /N fact it WAS R£iN F£fte£j?« 



The stern wave occurred precisely because you lowered the watei^ 

LEVEL TOO AAUCH WHEN Vou ACCELERATED 
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i don't . x Th INK we OUGHT TO TAKE a GpOD LOOK AT Archie's 

IDEA ; ESPECIALLY THE PARIETAL ACCgLEffaTOR . All BOATS SUFFER A lot FROM 
HYDRODYNAMIC T>RAGj - RESISTANCE TO FORWARD motion/ DUE TO FR\t-Tl6N Of THE 
water against the hull. nJolJ the presence of WAVEFRONTS alters the 
PRESSURE DISTRIBUTION over the contour of -the hull, leading to a WAVE 
TRAIN in its ljake ; ujhich qrows rapidly ioiTh -rue speed And that must be 
The main factor limiting the speed at which the boat can trauel. 


\ 




Xp THEY listened to *ou , 
•They'd still B£ building 
the Ark I 


Ia/e know Roughly how much energy must be 
brought into play to suppress wavefronts. 60 
The work pone by the Laplace forces must be 

AT LEAST THE" INCIDENT KjnETiC ENERGY OF THE FUi ID. 


Mmmm... so if the boat Goes at a 

SPEED V ; THEN THE La PLACE FORCE XB MUST 
Eyceed some definite Threshold. (■*") 


(^)Se£ Appendix B( PAQE 7l) 

4S 




"It's BEST TO MAKE THE nASUETlc field B as lakqe 

AS POSSIBLE. Tf you HAVE B SMALL AND COMPENSATE 
8V mAKlMGi X LAR$£. THEN FIRST THE eFFiCieNCi IS 
Low,, AND SECOND, ELECTRO LysiS IVILL OCCUR, GIVING, OFF | 

A- LOT OF GASES. 





C CuT TH£ Poive^/j^T 
it's 8<-ow/n<; uP i 



THE SCREWLESS 

SUBMARINE 


onj t you feel that 
all_ -This.. . ek?.. . 
ELECTROMAGNETIC rROPuLSIoN 

is ■Just a little bit 

ADVANCED FOR THE 
CUMBNT STATE Of 
T'ECHNOLOQV ? 




Itie just need to 
fNNOVATE. that’s 
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ELecrpic 

current 


f See, if you. \ ^ 

APPLY Thc RiqHr- Hflwj) \ / 
Rul^, yau can work f ^'% 
our TH*r -rye device / Vr 

produces a field of ] | 

UPtAKe Forces suitable \ £ 

PfcOPlLLSiow , 



AfrAO 


\ I I \ '■ " - A / 

v. \t ^\i ;// i t! 





T ^ >1 












\w-n. 


■6^0) Vto 



VMWr 


VeR ll never $et _wg_ in ^ 
o' 'Them f/ncs I 




I: ^ 


LINES 

OF w*$netic 

FORCE 


p* IK 

C foRces 

» ACrTuvIQ 

om -the fluid 


Co/vie ON , Lenny I 
Stop making, faces I 





[w 


How DO you S-TE Ed. IT ? 



S/mPle: You f\Ooi£ 
with the intensities op ruE" 

ELECTRODES. 



y^N MHD SUBMARINE CoULf) BE VERy QmcK AND 

completely silent. 





That 5 holj it c,ofcS, <v\v pear Lenny. U)H£iY we <*£T 

^^P^CTIV£ SUP6RC.ONDUCT/ fOG A4AGNETS C*) AMO UlTRAEFFiC-IEN'T 

(ELECTRICAL C-I ENEiRflxoRS %OATS WILL STOP MAlCiNGi UlAVES, AND 
I ' 

9 SUBMARINES WILL 81-0 w BUBBLES. 



A SUPERCONDUCTING material, cooled to very low temperature Ca few payees Kelvin) 

CONDUCTS CURRENT WITHOUT ANY DISSIPATION Ry HEATING. No tfOU LE EFFECT, 




THE FOLLOW i M<3 DftV 


SO 10HATS yOMC 

\ /X/ 

Search me 

YOUMQ FRIEND UP 

j 

IB'S SURPRIS 

'To -Today? 

/ 

QUIFT 


Yes, 

THAT 1 APPEM5 FROM 

T/ME TeR T/ME^j 

> 


_.fr ; ■ ■ 

- 




' Fank QoodnessI 

s^. 



Gives the Rest op 


\ 


^ US A CHANCE <TEJ2_ 

/-ZZ. 


if 

Rg-KEW- PERATE/ 

<5 


O’ ^ 
- 1 



Sophie! wha-t happened ! All -tup [/uivoows ape sa\ashe£>/ 





/ was ^ Sonic boom 
J ... a SHOCKU/AVf. 'Those 

we*e Supersonic 

T£T planes. 

y<?U. 6ET THfM A LOT 
IW THE LESS |N|fASI TTD RE^fOfJS. 







SUPERSONiC 
FLOW 

- lH£ SHOCK iVAVC THAT BROKE THE UXNDOWS 15 VERY 
S/milaR to the BOW WAVS’ that smashed up you* 

LANCING,- STA$E . 

- You MEAN , AIRPLANES rOAKE WAVES f 3 

- ilV A MANlveR OF SPEAK/NG, yfS. BuT THEV DoN V ATI ARE 

SURFACE WAVES 3 THEV EMIT SOU WJ> WA\ZES } WHICH TRAVEL 
/AT -the SPEED OF SOUND V^_ (-*) When a Boat 

TR/wecs at A speed V greater than V 5 /r produces WAVBFRON'TS 

Bur WHEN A PMNE. TRAVELS FASTER THAN SOUND CHEATER THAN V S ) IT 

produces SHOCKWAVES. 

— How CAN IT, WHEN THERE'S NO FRff SURFACE ? 

— 'The' DENSITY of the Air plays the pole of the HEIGHT of the water. 
SU'RFACF' WAVERS tend to maintain a constant height. Similarly, 

SOWd Wavfs tend to maintain a constant density. 




5 h 0£KNA\/£S are the FRONTS where density, pressure, and TEwPERATuee 

f\lE A1MCH H !$«££.. 



You CAN COMPARE THE MOTION OF MOLECULES 
TO A LOT OF BUNDFOLPED PEVE$*TR I ANS / 
WANDERING ABOUT AT A SPEED V S IN A TOTALLY 

DISORDERED Fashion, in one place, continually 
Bumping into each other (molecular collisions). 

Aw OBJECT PENETRATING a is SIMILAR to 

A eu^j running into the crowd at a speed V. 
If this 13 < LESS than V5 ^ then information 
can pass UPSTREAM ( forward). 'The pedestrians, 
earned of THJ- VEHICLE '5 AfcAivflL BEFORE it 
Reaches them, can make way for it. That's one 

way to v/isuAuze subsonic flow. 


See Flight of Fancy, same 


SCRIES. 
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Sophie's right, you knouj , Wa*. 'The flow of a liquid with a free 
surface. closely resembles the supersonic flow of a gas. i think we'd 

BETTER TAKE ANOTHER LOOK AT PAG,? TO REWIND OURSELVES ABOUT" THE EFFECT 

Of slower or faster motion on The shape of the shock, 


A wATER- 

cotoPUleR ? 





3 etweenJ the" wars \ 

people didnV havp COMPUTE*^ 

ANfeTtlPy CALCULATED fH£ SHAPES 
OF SHoCKUFVES US/N6 A '’HYDRAULIC 
AlUALOQV." 


J-h fact there's a strong 
Sim ilaritv Between the mathematical. 
EQUATIONS DESCRIBING THE TWO SYSTEMS, 

with the height of the watcr 

corrfspond/ng to the DENSITY 

OF THE QAS. ^ 


Ch 


Great. Nou), all £ weed to 
study that is a 

supersonic wind-tunnel. 





Oh, wonder pul. I 


Yep. NEEDS PUDDy SREAT 

COMPRESSORS an’ masses of £NERGy 



hah,' y OU LOow'T BE ABLE TO BUILD 
THAT I N YOU BA'fHKooM ! 




/t CO/MD--ruWNEL. 

v 

THAT'S SoMEFiNK ELSE 


Perhaps you ought to AppLy for a grant 
from the National Science Foundation. 


I 


THE SOUND BARRiER 
THE HEAT BARRiER 


A Supersonic wind-tunnel./ it's possible t"o observe a number of 
DIFFERENT PHENOMENA . T’ftlftfARiL'/ ) THE PASSAGE -fH ROUGH THE SOUNP BARRIER 
(y* V s \ ACCOMPANIED 6V THE" APPEARANCE OF A WAV£ "TtfAlN WHICH IS 
SUPERIMPOSED ON THE TRAIN DUE TO FRlCflOMAL DRAQ . 
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F r . W,WT£D T0 0veftr «-V AN INHABITED R EG. on AT LOW RlTItTuDE 

A-r MACH 5 or 4, EVeRYBaO/Ss roof ivoulo rML )M> 


Line -rue bom wave demolishes) -the landing,- s t 4 se| 



•sk 


Across a SHOCKMVf, the DEHSITy and\ ^ 

PRESSURE" increase dramatically. An& also- Y* ° * °~~ > o > 

the T£MPERATUf?6\ "The ABSOLUTE 

TEMPERATURE is a measure df the \ ^ c 

KINETIC ENERGY a DAV OF THERMAL 1 o * ^ 

AGjlTATl OKj OF MOLECULES. IF "THE <5A5 °"'" J> ^ ° "* °'o— * 

"COLLIDES'' WITH AN ceT&CT flf ft SPEED V, ' Vs & ^ < ’^°~~ > ‘ 

THEN AT THE STATIONARY POINT A ( WHERE THE (,AS STOPS CoMPLETeLl ) All OF THIS 
ENERGY IS CONVERTED INTO THERMAL AGITATION. So AT rue Po/NT A THE 

ST0PP/fd6 TgMPERATURE varies as the square of tne speed V. 


o— ^ ° r /^ 0 

i <K ~+o—> 




Is a warm nose ""t 

A SIGN OF HEALTH? J 


■ 'This phenomenon, which 
only becomes HoriceASLe 

ABOVE A IAch 2, IMPOSES 

"m A serious constraint oN 

AIRCRAFT, kNouW AS THE 

HEAT BARRFE'R. 


FeR A YEN SPEED ^ THE FlCKEft THE 
AIR, THE 'OTTER BVSRy ft NK CET5. 


lOrtlcH MEANS THAT HYPERSONIC SPEEDS 
AT LOU) ALTITUDES ARE AN IMPOSSIBILITY ! 



Yeah, 

SORE. 

But 

LOW/ - AUfiTUDE \ 

SUPERSONIC Flight is 

all too Possible f -Isn't 

THERE 

some 

miry to 

invent supersonic aircraft 
? 

widows ; # , 

-THAT 

don't 

smash 



"To do that, Aftcme, you nbsd 

-ro DEVELOP /MACH JNES THAT porOV OlA/^E 
SHOCKuMVES AT SUPERSONIC. SPEEDS. 


And -that, my dear cwa£ 
is urreRiy /mposs isle . If not^ 

'THEy'o HPiV<= DONE it LONG? AOjO 





A^Avbe } m«yee... . If A shock: Forms, it's like a bow wave, secause y 0 j 
can't affect the molecules upstream 0y ujfly of colusions Due to 
SOUND U)AUES FAST E'nou.GH FOR. THEM TO MAKE U)fly. So THEY CLUMP TOGETHER 
INTO A KIND OF /MOUND, THE SHOCKWAVE. 








the HVD^UUC AH/ALOE* ,5 ANVfH/^G to C,o BV, if LOCKS AS IF YH£Rff 

ARE THREE M£THOpS op FLV/NXS . 


{Jhich are? j / pl-v, whatever else you d< 5, you have to 


/hare The molecules of A'R Move RRoM A6 ove 
to BELOLO. 






P| RST ST STEM; ^ 

i create a moveMemt of 
the LqAS USI N)G| w 

Airfoil. 

What AlKFOiLf^AuTlt^x 

cAki see are two 

Co u rUTE^e O TAT / N 6 V 

_RoroR5 . — 



rAoKotJic Mouxisc. [ 
A Rotor is tust A 
revolving* AiftFOlL.. 


£) 

\l 


5 illt me. 


Here's how to > 

OBSERVE the 

induced velogtt/ 


Second svsteni : accrue rate a 

e^S THAT you. PRODUCE yauRSEU*. 


BuT what '5 the rHiRP system 7 




'To mV fH/NKflJ6/ IT5 
to SUCK IN 
Alt FROM BFLOW 

OS/N6, Laplace Forces. 



Did yau. HEAR US HAT I HEARD ? 



LUhatS up 
WITH VOu ? 


A R-CH IE 5 C,OT SOME 
C-ftAzy l PEA IN *i S ‘EAD. 

ABArtT Fly I N ' 101V 

H’eLECTftlCiTy. x 


X pointed ou.T To Lennv 
mvsELf Tu^r Now, that it's 

IMPOSSIBLE / BECAUSE AIR u/ONT 

v on puct execTpiciTV. 




Xr's AN 

INSULATOR. 





Hold youR. Horses J -That depends on the size of -the ELECTRIC plELp\ 
Vou ftppty, "1 hat IS, thf rat/o between the tension at the eLfccrRooES ) 

AN& the distance between the* !! ip you USE -three thousand V0LT5 / 

PER. MILLIMETER, rr CRACKLES AioAy LlK,£ aiad! / 


5o when '5 the 

ELECTRIC CONCORDE 



comin’ } eH ? 




Vou see, with a magnetic field 3 of 4 Teslas 
( 40,ooo gauss') C-*) and a current density of 
one AmPere per square centimeter Lten THOUSAND 
Amperes Per square meter) you set a Laplace Force of 
40,ooo kI&wtons Pen cubic MergR, About four tons 
Per cubic meter. 23r the' motor has a useful volume of 

ONE CUBIC meter, it provides four Tons or THRUST 


^ANG) on! YeA bunkin' DREAM »N ' 
a^ain! Three thousand volts pcR 
Miu - itnerefi . .. . twats qett/n * on F£* 

A cool M ILUiON volts pen. mete* /. 




For LaPlacE Forces, thats 

AllNDBOGGLl NG, { . . . 


I know A 
STRIKING APPLICATION <JF 

Laflacc Forces. 





5*6 ^ ABOUT 100 ’ r,McS '* oRe that of an ordinary magnet 




Sophie, Sophie , come and see! ' v ' v 

/\(?CHIb‘s INVENTING SOMETHING REflLLy UMy 

Oust [ flz's ^oiNG) TO FLY SV ELECTRICITY f 


MV GoODNEiS/ 



su 



Dve« realize w Complicated it'd ’ave- be ? Yer'd Uve 
TerJ. a\je a cool in system pea the soopachnoucters , at ulTRal ovj tem prachprs 

/\ND A 'lccTRI CAL C,znN YRATER vJtT PUT AHT 'uNORepS o' /WEgAM/oT5. HlMAqime 
THE vJtlCRT of IT CRl\ 



You might as well T*y\ Xy( ' 

TO Flv A bunkin’ \ / ji'w/jj ) 

NCOKLVZR. POk)£ft J 

^ STATION ! 

FLv/NG By MEANS OF ELGC-rftICITy 15 OBVIOUSLY 
imPoSsi 8LE- 



Oh yeah r So u,hr- 

rv\AKE5 That FLV 7 



'8oT THATS DiFF'AfNr- 
|T'S <S,oTfA H’AiRSOfEWl.. 


SoiAF-T 

PoWfc**P.\ 

A,APUAH|J 


/AiVD solar cells Too * 



AteS, -BUT what's AN Mho PfcOPULSIOKl UNIT OTHEC- 

A -THAW A Vi iwt> OF E:LECT’^0MA6 aJ£TIC AltfSC&eVO? 



ID M~Y > y ou M££P> ENERGY. 

Hr DOES^V MATTER /MUCH OJHflT FOAfA 
THE £W£R6y TAKES" CHEMICAL , 
ELECTRICAL ~ A- 5 LOM6, AS THeRES 
6M6U61H of iT 


/ Whew you look at the basics, flying /s i?6Au,y just a matte# 
\of the POWER-TO- WEIGHT" RATIO foR a GIVEN SPEED. 


AO Km /h£ MAN- f«OK/E(?eJ> 


plane 


(or ELfiCTRIc) 


/o Watts peg kilogram 

4 % f/6 

^MA/er 





60 km/h* -THE WRIGHT 

Biplane 

C LOW ~T£Cm) 






IO o wa-tts Peff xiloqMM 

2-700 k(A/ui[ 

fighter plawe of -the 

AiEXT^AND last} LOoRUi 
WAR. _ // ^ 



5*000 (a/atts ecu taLoQMfi) 


^HE Space Shuttle ^ 


350 KIA/hR 

light aircraft 



300 WATTS PER 

KILO 


SjOj OOO UJattS 


PetR Kilogram 








"" , EtortV A NooKL'r'eR. POWER 

>N6. «!, ''I*- 0W ' 0L ° '' £R . 0R5 , e ....... «. « m 


ST/ArfiOM PRODUCE a Klu,£Kwor ~ ■ ■ - — accord 

By YOU ft ar^emt n’.r o^ta T *« g 0F ,rs otW * _ 


^LecTRl CKL£ nUR6 y P£ ^ 



"T6M TO MS Foft A 
HONDReP A , 1£G)Al^ATT'5 
ir'5 IMPOSSIBLE i 


(Jell? 

-Sopme ? 






Confound ‘That s ! ir s finally 

gEQlr^MlM^ TO LOOK AS IF you've §oT TO 
EXTEND Tio GiASES THE /D£A IV£ REACH ED FOR 

Flows of a uquid with a free surface: 
-the INTERACTION CRITERION and its 

effects ON MHO EFFICIENCY. 'Therc -vwst 
SC A SA/AG, SOMEWHERE - NONDtR. 

v. WHAT IT IS ? 


LOell. ”? 



!tn/ THC exPCK-iMeMT CTO PAGjC 43 , STROM^ AM 

4PFLICATlOfJ OF ElVERGY PRODUCED A 3LOCX^G,^, 




thermal blockage 



is it possible - that a si/wila* 
Phfmo/wenon /iv a gas auc,ht prevent 
THE MUD action "p 



i/vj pact, you can E>LDC^ a supersonic plpu> of a cas By luav of 
H£AT > vi a "the: Towle effect In a PURExy electrical discnar^e (no 

magnetic field) the bubble of h or gas behaves luge a traffic tam, and a 

SHOCKWAVE FORMS. 



So Archie's 
Experiment is poomed 
to fa ilure ^ 




'Th AT 5 NOT So CLEAR.. 
^- r Au ~ DEPeNOS O/V 

the - ELECTKlCfU. 
coNDucriviry OF mE 

Ai^ (and VAfi. iouS 

MPtys OF AFFEcT / tJG , /r). 

If it 5 HlCiH £ No U<$ //(*#) 
Then the product/ av DF 

HEAT LOILL. STAY 
MODERATE, AND TiIERE 
1 0E ANy blockade. 


&*) 5ef Appendix E Cpa^eII) 




0H ; look at Archie, 



He’s eowrxo 

slecp aqai/o. 


What a surprise. 





l/j hAT do you rnAKg of all -that 



/ H’iMASAHKA AS THE 5E. 'eAET M HP H^gRoDY^g 

( WOTS/rS CORRESPoMP *TC> TECHNOLOGY n/t)T /uiiGHT 

> APP£N (M THE CBNCHE.RY - rr's QueST/oN^BLe - 


W£W£R. IT5 LJORF the BLBBDiN 1 CANDLE j INN IT . 


guT 'TUBAS WtG,iir BE 











FifiST , IT KEEPS D OuiN THE VOLT A$E J L 
NEBO To flYPUi TO THE BLECTRoOeS 







5 £CONJD IT KEEPS DOIV/V THF i/OLOAfE /A J uJH/ C h 

/H* CYSTIC £*£LD /5 CREftTCD. 2 k> PRACTICAL- -terms ; 

that’s the AR£* op the SU&FAce OT Tl 4B yUAOf/we y 
Multiplied gv th£ spac/^5 be-tw^ea/ the u//^es. 


"ThiRD, fHE Action T/fKPS Place /a/ a th/aJ 
t CONCENT R-ATI IHQ THE 10AJI i-PTlo THE 

FORCE . 



t * 


/AmD Heiees THE GASEOUS 

FlolU THAT RESULTS. 



It s like a sort or 

ELec-r/eo/M Z^ig ET/C 


HE U COPTER. 



t I f 




pressure 

DISTKiauTlON 


It Just REMAiW 5 To PRODUCE 
ENolcg*h \obii2fiTioNj that is, chough 
FREE ELECTRONS im the l/WER of SA5 



If you. Pur THE electrodes a 
M iujmereA apart ahd use a thousand welT < 
THAT should be EHou C,H Td STRlP ElECTRon/S 
FROM The atoms, freeim^ them FO r 
A CURRENT TO PASS 



Laver of 

PLASMA 


PATH of a 
STOVFCV LE OF ^AS 


I ORll^-ATlON) 


Rl^HT^ X REC-X toM THAT *5 THE LOT. 
AlO INTFRpJAL TeLE»/|SIOM CiRCwIT, US 1 ( 06 ) 
f(\\c Ro cameras distributed over, the: 

SURFACE, (WILL ^|ve RS 6,00 0 A WEtW OF 
THE OUTSIDE". 


PEIO/VJrrRTloiJ AtcO/MPAMig^ 
£>V LI EjMT EAMSSIOnJ 




2T5 luminous 
RSDDISH . . . 




T MINOS TEN 
AND COUNTING, . . 


U)H ATS THAT 

GAD 6 , FT ^ ^ 

5T/?ii<£ me Pink j Lehnv and his 

FRIEND; OVER THERE.... 

" , y^fner'D Better 

([\\~f OUT Fo * THE 

^ AllcRotvAVES ! 



We-'p Be-rreR wove as fast as we caw 











< H e MHD AEftODY^E COMTiMOES ONl 
17-5 V } LEAVING) B €MnI> A Long , B* I6 >HT 
THAI 1- of Cesium vAPor. 







SCIENTifiC APPENDIXES 


During a time an 

L/\o( £W ITT ED LOAve PROPAGATES 

— j A) RADIALLY TO A DISTANCE 

’ R a V s "t , WHILE" THE OBJECT 

/ r ^ Aleves L~ Vt 

« * y 

■There fors _V _ L_ sir\d- — i- - 3- 

Vs* R \/ ■ *- 


^ It 15 POSSIBLE TO ACT 0 M THE' WAVE 
System ip the energy received by the 
volume element TBL C WORK. DONE BY THE 
Laplace /-oRce along, the ;nte paction lengtiO 

15 ^REATeP- than The Kinetic energy 5" P ^ . 
In salt water, electrolysis limits ZT to 
I aIcm* ( lo* SUPPOSE V= % CM I Sec. 

/VsSUMF THS' cylinder goes 2 mm 

(£X 10 3 m)^ WITH an INTERACTION lENCTT 


EQua l. to the size of the electrode; 

2.xio' 3 m^ Al^J> p= I0 3 kg/m 3 . IF B - 1 TESLA 
(10,000 SAUSS) THE INTERACTION 
WfiA/MWft IS 5-' — = 10. Ihe 
B ow Wave /s annihilated 


'The Boat has a thrust of 1 gram. 

Oft /O' 3 KG oft 2 newtons. It travels 
AT 0.1 m| sec, corresponding To A power 
/0" 3 watts. The generator suppueS 

Qg MOLTS, SjD AMPERES, THAT IS, 500 NATTS. 

The efficiency is ™ wS *| * * 2x /0 • 

Flc.d passes through the Accelerator -in ' r ' WE 

^ So THE PROPULSIVE PDVYFR- 'S —fr • 

Bu.T * /5 THE SPEED V. MOREOVER, THE 

PovoeR DISSIPATED BY THE TOWLE EFFECT IS IT 
UJHERg <T IS THE ELECTRICAL CONDVCTl VlTY. 

So THE EFFICIENCY IS ^ 

WITH =10 mhos/m 

& = 2 S teslas Loe QET 

V = 2 jOaxIseC ‘ r l~ 

xT =; |0 4 A) M 1 ' THE EFFICIENCY I NCR EASES 

WITH V 


The Excess pressure at the 

STAT/oiVAPy poiMT will BE, /N ALL 
l w 1 

2 -p V , WHERE f> IS THE DENSITY 
OF THE AIR ( 1.3 Kg//M 3 ) AND 
V IS THE SPEED OF THE OBJECT, 
foft A FRONFAL AREA of 1 M 2 ^ 
THE POWER- P LOST /w THE 
WAVE TRAIN WILL BF 2 . f V 3 . 

If V = (oOOmIs F = 2oo MW 

Te V = 1500 m Is P-2000MW 


If V = (oOOmIs 
If V = ISOOmIs 


The Power, associated with 
MHD Acceleration is TBV. 

With 1= 10* A /m^ B = ^ tcslm 

V* 1 00 dm [sec > we hale J 6 V = iaw/m. 
If the electrical conductivity of 
THE AlR (AWfly FROM equilibrium) 
REACHES _10 /YMA0S |m, THAT OF SALT 
WATER, then the heat T X /«“ 
PRODUCED GH THE Joule EFFECT; 


THE 


T X /<T 

THE 

JouLe 

EFFECT 

To A 

ftoWEft 

OF 

It 5 

ATTAINABLE . 


ID Mw/m 3 . It ! s attainable. 
It would be 8 est to work u;irH 
B large C 2 D Teslas) and to 
INCREASE ARTIFICIALLY the 
conductivity <T (-By emitting 
Alkali through a porous wall 
OR VIA the Action oF 
microwaves'). 



v> 




